Comparing the three areas it was noted that waters from the area of the Nera Springs are the poorest in heavy metals and the richest in minerals, that conversely the waters of Mt. Bove North are the richest in heavy metals and the poorest in mineral salts, and finally that intermediate values both for heavy metals and mineral salts were observed for the waters of Mt. Bove South.
Introduction
The ever-growing consumption of bottled mineral water worldwide -in Europe an increase of 51% has been estimated from 2006 to 2011 -has recently stimulated the interest of both researchers and the general public in ways of gauging its quality through detailed knowledge of its chemical composition.
Extensive research results on Italian and European mineral waters have been published in recent years Dinelli et al., 2010; Birke et al., 2010; Reimann and Birke, 2010; Bertoldi et al., 2011) . The general interest in heavy metals refers to their potential toxicity and their compliance with national and international limits for maximum allowable concentrations.
The present work focuses essentially on the spring waters of the Sibylline Mountains National Park, an area of the Apennine Mountains in Central Italy which in the past received attention only for bottled waters, both in European Bertoldi et al., 2011) and Italian Dinelli et al., 2010) studies.
Knowledge of the Cd, Pb and Cu amongst their heavy metal contents and the ability to determine them by square wave anodic stripping voltammetry are the primary interests in this work. The selection of these three metals is due to their relevance in the toxicological evaluation of spring waters and because they are the ideal metal ions to be determined using voltammetry, which has been applied here for the first time in the present context. In fact only two attempts have been carried out in the past to use voltammetry with different electrodes and/or waveform modulations (Ben-Bassat et al., 1975; Kounaves et al., 1994) .
Some major ion concentrations and other physical-chemical parameters will be also reported to give a general characterization of the waters under examination.
Comparisons will be carried out with local bottled mineral waters and with aqueduct waters distributed in the area. The sample treatments and voltammetric analysis for heavy metal determination were performed in a clean chemistry laboratory ISO 14644-1 Class 6, with areas at ISO Class 5 under laminar flow cabinets. Two days before analysis, the samples were acidified with ultrapure HCl, 34-37% (Romil, Cambridge, England), 2 mL acid in 1000 mL water, pH ~1.5.
Materials and Methods
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The voltammetric instrumentation consisted of a Metrohm (Herisau, Switzerland) 746 VA Trace Analyzer and a 747 VA Stand equipped with a Teflon PFA cell, a thin mercury film deposited onto an Ultra Trace epoxy-impregnated graphite rotating disk as working electrode (TMFE), an Ag/AgCl, 3 mol L -1 KCl reference electrode and a glassy carbon rod counter electrode. Square wave anodic stripping voltammetry (SWASV) was used for metal determinations. Given the very low cadmium concentration with respect to the other metals, Cd was detemined separately from Pb and Cu, which were measured simultaneously. In the case of Cd deposition was carried out at -1050 mV for 45 min, while for Pb and Cu together a deposition potential of -975 mV and a deposition time of 15 min were used. In both cases metal depositions were carried out with electrode rotating at 3000 rpm. The main square wave (SW) parameters applied during the anodic stripping were the same in both cases as follows: SW amplitude 25 mV, SW frequency 100 Hz, step height 8 mV, step time 100 ms. The accuracy of measurements was controlled and assured by analyzing the certified reference material NASS-5 (National Research Council of Canada) for trace metals in seawater.
Results and Discussion
Measurement results are summarized in Tables 1 and 2 for general physical-chemical parameters (in summary form) and for the three metals, respectively.
General characteristics of waters
From a general point of view (see Table 1 and nitrates are below 10 mg L -1 . As regards the presence of dissolved ions it can be seen that the two areas of Mt. Bove (North and South) show a generally lower content than the area of the River Nera springs. This is also reflected in lower values of EC and TDS, which suggests that Mt. Bove waters are lighter than the Nera spring waters.
Trace metals
Cadmium shows the lowest concentrations of the three metals, with values of 1-2 ng L -1 , close to the detection limit for SWASV of ~0.5 ng L -1 (Annibaldi et al., 2009 ) and this fact justifies the presence of high standard deviations. Ussita public fountain, July 2008 1.5 ± 0.1 (7%) 24.6 ± 0.6 (2%) 366 ± 10 (3%) Each value represents the mean of at least 3 measurements. *outlier, not considered for summary statistics.
Very low values (even if ten times higher than those of Cd) are also observed for Pb, for which results of about 6-20 ng L -1 are obtained. and European ) mineral waters.
Conclusion
SWASV enabled the Cd, Pb and Cu content of spring waters, mineral waters and aqueduct waters of the Central Apennines area of Italy (Sibylline Mountains National Park) to be determined down to ng L -1 level, without any enrichment procedure or pretreatment of samples.
The metal concentrations are well below Italian and European legal limits and significantly lower than the median values reported for European mineral waters; thus they are to be considered non-contaminated high-quality waters. On the basis of physical-chemical parameters, they are classified as oligomineral, medium hardness waters, suitable for low sodium diets and for infant consumption.
